To examine the effects of acute stimulation on the peripheral and central renin-angiotensin system, simultaneous sampling of blood and cerebrospinal fluid (CSF) for measurements of plasma renin activity (PRA), plasma angiotensin I-immnunoreactivity (PAng I-ir), plasma angiotensin II-immunoreactivity (PAng II-ir), plasma angiotensinogen and cerebrospinal fluid angiotensin II-ir (CSF Ang II-ir) and CSF angiotensinogen was carried out following intravenous injection of furosemide (5mg/kg) in conscious dogs. Administration of furosemide induced marked increases in PRA, Ang I-ir, PAng II-ir and CSF Ang II-ir, however, neither plasma nor CSF angiotensinogen was changed. Furthermore, a relatively large dose (20mg/kg/min) of intravenously infused synthetic Ang II for 20min produced a five-fold increase in PAng II-ir compared with no significant increase in CSF Ang II-ir
Since an endogenous brain renin-angiotensin system was proposed by Ganten et al. (1971) and Fisher-Ferraro et al. (1971) , several investigations have been performed in order to clarify its contribution to blood pressure regulation and water-electrolyte balance under physiological and pathological conditions (Fuxe et al., 1976 , Schelling et al., 1980 . Several studies have tried to elucidate the relationship between the brain and the peripheral renin-angiotensin system by simultaneous measurements of plasma and cerebrospinal fluid (CSF) renin (Brosnihan et al., 1982) , angiotensin II (Suzuki et al., 1983) and angiotensinogen (Finkielman et al., 1972 , Ruiz et al., 1983 , Schelling et al., 1983 . Accumulated evidence from such studies has indicated that there may be a close relationship between these two compartments.
In the present study, in order to characterize the components of the renin-angiotensin system in CSF and plasma, plasma renin activity (PRA), plasma -angiotensinogen, angiotensin I-immunoreactivity (Ang I-ir) and angiotensin II-immunoreactivity (Ang II-ir) and CSF angiotensinogen and CSF-Ang II-ir were simultaneously evaluated in conscious dogs under conditions which influence the peripheral renin-angiotensin system. 
Results
Experiment I. Effects of administration of furosemide on plasma and CSF components of the renin-angiotensin system (Fig. 1) . tion. In contrast to marked elevations of PRA, plasma Ang I-ir and Ang II-ir, and CSF Ang II-ir, neither plasma nor CSF angiotensinogen showed any significant changes after furosemide injection. Correlations among PRA, plasma Ang I-ir and plasma Ang II-ir were as follows; PRA vs Ang I-ir, r .632 ; PRA vs Ang r= .578; Ang II-ir vs Ang I-ir, r .610. These were all significantly correlated. Correlations between plasma and CSF Ang II-ir are shown in Fig. 2 (r=.64) .
Experiment 2.
Intravenous infusion of Synthetic Ang II (Fig. 3) .
A large dose of synthetic Ang II did increase plasma Ang II-ir but not CSF Ang II-ir, accompanied by suppression of PRA and plasma Ang I-ir. During the infusion, plasma and CSF angiotensinogen were not changed.
Discussion
In the present study, not only peripheral but also central Ang II was influenced by the maneuver to stimulate peripheral renin secretion. This finding indicates that CSF Ang II is not derived from the peripheral circulation and raises a question about what role CSF Ang II plays in the pathogenesis of acute stimulation of the peripheral renin-angiotensin system, since a relatively large dose of infused Ang II showed that high plasma levels of the peptide do not account for the presence of Ang II-ir in the CSF of normal conscious dogs. In previous studies, CSF Ang II-ir was elevated in renal hypertensive dogs (Suzuki et al., 1983 ) and a continuous intravenous infusion of Ang II failed to increase CSF Ang II-ir (Schelling et al., 1976 , Mikami et al., 1985 . If brain Ang II contributes to the regulation of water balance, an increase in the activity of this brain peptidergic system may depend upon factors which are not related to either the formation of the peptide in the blood or its action in the peripheral circulation. This important problem which is raised by the present study, requires further investigation. Further, since Ang I in CSF was not examined in the present study because of technical difficulties, it is uncertain whether the elevated CSF Ang II-ir originated from the brain or not. Plasma and CSF angiotensinogen levels were not influenced by furosemide injection, which showed a stimulatory effect on the renin-angiotensin system. Changes in plasma angiotensinogen due to salt restriction or water deprivation remain controversial (Ruiz et al., 1983 , Schelling et al., 1983 , Genain et al., 1983 . Rosset and Vergrat (1971) have shown that in normal human subjects sodium restriction results in a decrease in plasma angiotensinogen and also an increase in PRA, while Chen et al. (1983) have reported increased plasma angiotensinogen and significant elevation of the prohormone in some brain regions of rats deprived of water for 72h. Further, Ruiz et al. (1983) have found that water deprivation induces a significant increase in PRA and no significant changes in plasma or CSF angiotensinogen concentration.
At present, it is difficult to explain why these differences exist. Also, there have been no conclusive studies examining the effects of diuretics on plasma angiotensinogen. However, since many previous studies examined only PRA and plasma angiotensinogen, the relationships existing among the components of the renin-angiotensin system have not been clarified. In the present study, all components of the renin-angiotensin system except the converting enzyme were measured in the blood and there were strong correlations among the PRA, plasma Ang I-ir and Ang
In spite of marked changes in PRA, plasma Ang I-ir and Ang II-ir, there was no significant relationship between plasma angiotensinogen and the other components. These findings suggest that the level of plasma angiotensionogen may not correctly indicate the role for regulation of water-electrolyte balance during such acute stimulation of the renin-angiotensin system. As well as plasma angiotensinogen, the levels of CSF angiotensinogen were not altered by furosemide injection. The roles of the CSF angiotensinogen under physiological and pathological conditions have been investigated and the results remain contradictory. Healy & Printz (1985) proposed that the brain tissue levels of angiotensinogen were of greater importance than CSF angiotensinogen, the former correlating better with the blood-pressure levels of the spontaneously hypertensive rats than the latter. However, other workers (Ruiz et al., 1983; Schelling et al., 1983) have demonstrated that the amount of CSF angiotensinogen was changed under several conditions. We have previously observed an increase in CSF angiotensinogen in bilaterally nephrectomized animals (Suzuki et al., 1986) . These findings are in good accordance with those of other. investigations. Therefore, it is expected that CSF angiotensinogen reflects some part of the brain renin-angiotensin system. Further, since CSF Ang II-ir was increased by the stimulation of renin secretion by the kidney, the brain renin-angiotensin system may be activated without increasing CSF angiotensinogen.
In conclusion, firstly the brain reninangiotensin system may be activated by the same maneuver which stimulates the peripheral renin-angiotensin system with furosemide, judging from the simultaneous elevations of both plasma and CSF Ang II-ir. Secondly, neither plasma nor CSF angiotensinogen was altered in spite of a marked increase in PRA, plasma Ang I-ir and Ang II-ir and CSF Ang II. These results suggest that angiotensinogen in both plasma and CSF remains constant in spite of acute changes in the renin-angiotensin system.
